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Compound 

The present invention relates to new photoactive polymers, their vise as liquid 
crystal (LC) orientation layers and their use in the construction of unstructured and 
structured optical and electro-optical elements and multi-layer systems. 
5 The successful functioning of a Liqxiid Crystal Device relies upon the ability 

of the LC molecules within that device to assimie and maintain an aligimient imposed 
upon them. Alignment of the LC molecules is achieved by use of an orientation layer 
which defines a direction of orientation for the LC molecules of the device with the 
result that the longitudinal axes of the molecules become aligned with the direction of 
10 orientation defined by the orientation layer. In addition to this directional alignment, 
the orientation layer is also able to impart to the LC molecules an angle of tilt so that 
the molecules align themselves at an angle to the surface of the orientation layer 
rather than lying parallel thereto. 

Tilt angles of between 1** and 15"* are usual for Nematic LCDs. Tilt angles of 
15 about are required for supertwisted nematic (STN) LCDs in order to avoid the 
formation of so-called fingerprint textures. Vertically aligned nematic (VAN) LCD's 
for instance require pretilt angles of between 85® and 90**, 

Methods of preparing stmctured and unstructured orientation layers are well 
known to a skilled person. In particular it is known that by using linearly polarised 
20 light it is possible to prepare orientation layers in which both the direction of 
orientation and the tilt angle of the orientation layer are determined by the direction 
and angle of incidence of the plane polarised light used to irradiate said layer. 

Structured orientation layers are of great interest in many areas of display 
technology and integrated optics. These layers are characterised by regions (pixels) 
25 which alternate in respect of the direction of orientation and angle of tilt of thdr 
component molecules. These orientation layers can be used to improve the viewing 
angle dependency of TN, STN and VAN LCDs, for example: 

A possible method of producing high-resolution stmctured orientation patterns 
in liqmd crystalline layers is described in JJpn. J. Appl Phys., Vol. 31 (1992), 2155. In 
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that process the dunerisation of polymer-bonded photoreactive ciimamic acid groups 
induced by irradiation witii linearly polarised light is employed for the structured 
orientation of liqmd crystals. Those photo-oriented polymer networks can be used 
wherever structvired or unstructured liquid crystal orientation layers are required. In 
5 addition to theii use4n LCDSj» these«orientation4ayei]s«iean alsovbe^^ example, 
in the*^ production of sos^eall^ hybrid layers, as^>illustrated in ^^Eti^opean Patent 
Applications EP-A-0 611 981, EP-A-0 689 084 and EP-A-0 689 065. It is possible, 
using these hybrid layers of photostructured orientation polymers and crosslinkable 
low molecular weight liquid crystals, to prepare optical elements such as, 
10 non-absorptive colour filters, linear and circular polarisers, optical delay layers and so 
on. 

The ability of the resulting orientation layers to perform their function thus ^ 
depends, in part, upon the number of molecules in the layer that have been dimerised 
as a result of irradiation with linearly polarised-^light The^extent to which the 

1 5 mole^ules«aFe«dimerisod^rel'ies!S»iniip3^ energy 
and:Jiiet:^eitpgijgftli^^ 

BWAdmeimimW^^BWA-memSt^^ W®196A10049 and 

WO 99/4i^5761iae^eriheipQl5%$^^ of 
sueteanisotEopieallpeFossliBik^d^^phot^ crystals. 

20 H6;syever^a pr^bremikWthfmany^pol^ers^cii^ of 

photo-orientated orientation layers is that relatively long irradiation times are required 
to effect efficient dimerisation of the component molecules. There is, therefore, a 
need for photo crosslinkable polymers that can be readily cross-linked over a ^ 
relatively short irradiation time. The present invention addresses that need. 

25 A first aspect of the present invention provides a polymeric compound 

comprising a repeating unit of formula (I) 
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(Pi-Bi)„T-/), (B3-P3)„3 



B4 
il 

I 

in which: 

5 A represents a nitrogen atom, a carbon atom, a group -CR'- or an aromatic 

or alicyclic group, vMch is optionally substituted by a group selected 
from fluorine, chlorine, cyano and a Ci.ig cyclic, straight-chain or 
branched sSkyl group, \Adch. is optionally substituted by a single cyano 
group or by one or more halogen atoms and in which one or more non- 
10 adjacent alkyl -CH2- groups are optionally replaced by a group selected 
from -O- -CO- -C0-0-, -0-C0-, -Si(CH3)2-0-Si(CH3)2-, 
-NRl-, -NRl-CO-, -CO-NRl- -NRI-CO-O-, _0-C0-NR1-, 
-NRI-CO-NRI-, -CH=CH-, -CsC- and -0-C0-0-, wherein r1 
represents a hydrogra atom or lower aUcyl, 

15 M represents a repeating monomer unit; 

nl to n3 each independently represent 0 or an integer having a value of from 1 to 3, 
with the proviso that 1 <n^ +n^ + n^ <4; 

P 1 , p2, p3 each independently represents a photoactive group; and 

B Uo B'* each independently represent a residue of general formula II 

20 
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in which 



to each-^independently represent**a singlp^ bond« or a spaeec«rgroup selected 
from a Ci-24 straight^chain or branched alkylene groups >Aiiich is 
5 optionally substituted by a single cyano group or by one or more halogen 

atoms and in which one or more non-adjacent alkylene -CH2- groups are 
optionally replaced by a group selected from -0-, -CO-, -CO-O— , 
-O-CO- -Si(CH3)2-0-Si(CH3)2- -NRI-, -NRI-CO- -C0-NR1-, 
-NRI-CO-O- -O-CO-NRI-, -NR1-C0-NR1-, -CH=CH-, -CsC- 
10 and ~Or-CO-0- wherein is as defined above, 

Cl and each independently represents an aromatic or an alicyclic group, which is 
optionally subsdtuted^by^a grotup^^lected^from^fluoiinejs^cM^ cyano 
or, a^Ci^is cycliCi>» straig|rt^ha branch<gd all^l vg^pup, which is 
optionall3gLsubstituted*y*^a singlgH^yanpi5gr®jipi5!^r4>y one or more halogen 

15 atomsgand^inwhich^one or^^fflQref non-ad groups are 

optionally ^replaGed«^byj*a -group selected fromT-O-, -CO-, -C0-0-, 
-e^^Cm^-Si(CM^)^^ -NRJb^, -NRl^GO^, -CO-NRI- 

-NRI-CO-O-, -O-CO-NRI-, -NRI-CO-NRI- -CH=CH-, "CsC- 
and -O-CO-O- wherein R^ represents a hydrogen atom or lower aikyl, 

20 and 

n4 and n^ are each independently 0 or 1 . 

The polymeric compounds of the present invention can be readily aligned 
upon exposure to linearly polarised light en addition, by using^fee pompQimds^of the 
invention, it is possible-to reduce the^iradiation time«reqiMred^4o-foipi^^^^ 
25 polymer filinsr* 
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By the term "aromatic'' it should be understood to include optionally 
substituted carbocylic and heterocyclic groups. 

By the term "cyclic, straight-chain or branched alkyl group, which is 
optionally substituted by a single cyano group or by one or more halogen atoms and 
5 in which one or more non-adjacent -CH2- groups are optionally replaced by a group 
selected from -0~, -CO-, -CO-O- -O-CO, -CH=CH- and -feC-," it should be 
understood to include groups selected from the group comprising methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, sec-hntyl, /^r/-butyl, pentyl, isopentyl, cyclopentyl, 
hexyl, cyclohexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, 3-methylpentyl, allyl, 

10 but-3-en-l-yl, pent-4-en-l-yl, hex-5-en-l-yl, propynyl, butynyl, pentynyl, methoxy, 
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, 5ec-butoxy, r^rr-butoxy, pentyloxy, 
isopentyloxy, cyclopentyloxy, hexyloxy, cyclohexyloxy, heptyloxy, octyloxy, 
nonyloxy, decyloxy, imdecyloxy, dodecyloxy, 3-methylpentyloxy, allyloxy, 
but-3-enyloxy, pent-4-enyloxy, cylohexylmethoxy, cyclopentylmethoxy, methoxy- 

15 carbonyl, ethoxycarbonyl, propojQ^carbonyl, isopropoxycarbonyl, butoxycarbonyl, 
isobutoxycarbonyl, ^ec-butoxycarbonyl, rer/-butoxycarbonyl, pentyloxycarbonyl, 
isopentyloxycarbonyl, cyclopentyloxycarbonyl, hexyloxycarbonyl, cyclohexyloxy- 
carbonyl, octyloxycarbonyl, nonyloxycarbonyl, decyloxycarbonyl, undecyloxy- 
carbonyl, dodecyloxycarbonyl, 3-methylpentyloxycarbonyl, allyloxycarbonyl, 

20 but-3-enyloxycarbonyl, pent-4-enylo:Qrcarbonyl, cylohexylmethoxycarbonyl, cyclo- 
pentylmethoxycarbonyl, acetoxy, ethylcarbonyloxy, propylcarbonyloxy, isopropyl- 
carbonyloxy, butylcarbonyloxy, isobutylcarbonyloxy, ^ec-butylcarbonyloxy, 
rerr-butylcarbonyloxy, pentylcarbonyloxy, isopentylcarbonyloxy, cyclopentyl- 
carbonyloxy, hexylcarbonyloxy, cyclohexylcarbonyloxy, octylcarbonyloxy, nonyl- 

25 carbonyloxy, decylcarbonyloxy, vmdecylcarbonyloxy, dodecylcarbonyloxy, 
3-methylpentyIcarbonyloxy, but-3-enyloxy, pent-4-enyloxy, acetyl, ethylcarbonyl, 
propylcarbonyl, isopropylcarbonyl, butylcarbonyl, isobutylcarbonyl, secAyutyl- 
carbonyl, pentylcarbonyl, isopentylcarbonyl, cyclohexylcarbonyl, octylcarbonyl, 
nonylcarbonyl, decylcarbonyl, undecylcarbonyl, dodecylcarbonyl, methoxyacetoxy. 
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l-methoxy-2-propoxy, 3-methoxy-l-propoxy, 2-methoxyethoxy, 2-isopropoxyethoxy, 
1 ~ethoxy-3 -pentyloxy , 3 -butynyloxy , 4-pentynyloxy , 5 -chloropentynyl, 
4-pentynecarbonyloxy, 6-propyloxyhexyl, 6-propyloxyhexyloxy, 2-fluoroethyl, 
trifluoromethyl, 2,2,2-trifluoroethyl, lH,l//-pentadeca£luorooctyl, l/f,li/,7//-dodeca- 
fluoroheptyl, 2-(perfliiorooctyl)ethyl, 2-(perfluorobutyl)ethyl, 2-(perfluorohexyl> 
ethyl, 2-(perfluorodecyl)ethyl, perfluoropropyl, perfluorobutyl, perfluoroheptyl, 
perfluorooctyl, perfluorononyl. l-fluoropropoxy, l-fluoropentyloxyf 2-fluoropropoxy, 
2,2-difluoropropoxy, 3-fluoropropoxy, 3,3-difluoropropoxy, 3,3,3-trifluoropropoxy, 
trifluoromethoxy and the like. 

By the term "lower alkyl" it should be understood to include straight chain and 
branched hydrocarbon radicals having from 1 to 6 carbon atoms, preferably from 1 to 
3 carbon atoms. Methyl, ethyl, propyl and isopropyl groups are especially preferred. 

By the term "alicyclic'' it should be understood to include non-aromatic 
carbocyclic^or heterocyiClicf ringfgystems to 20i^ai?bon«atoms!«^ 

The group^^ is pr^erably ana^plionaliy substituted aromatic group. It is also 
prefen-ed*;tfiatatWh^n»1heirg|®]^^ one or 

more of the^alkgrMCM^gr^upsj^surex^^ a groupitselected from -0-, 

-CO- -03G©»and^MS©H«^*- 

It is -espeeially-itprefeired'^thji^^ is- selected.vfr©m«^ the-*gi3p:apw selected from 
1,2,5-benzenetriyl, 1,3,5-benzenetriyl and 1,3,4,5-benzenetetrayl, which are 
optionally substituted by one or more fluorine atoms. The group B^ preferably 
occupies position 1 of the especially preferred group A. 

It is preferred that when n^ + n^ = 2 and n^ = 0, A represents -CR^- or an 
optioneilly substituted aromatic or alicyclic group. Alternatively, when n = 3 and n + 
n"^ = 0, A represents an optionally substituted aromatic or alicyclic group only. 

The -groups P\ and. P^ can -be photoisomerised or photodimerised on 
exposure to UV or «4aser- light. The groups to P^^ preferably* undergo 
photoeycUsation reactions?^ The^groups!^P^ to>P^ are^ preferablyj(»represented by the 
general formul3fe>n^;a[nd#M^ 
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wherein the broken line indicates the point of linkage to and wherein: 

D represents pyrimidine-2,5-diyl, pyridine.2,5-diyl, 2,5-thiophenylene, 
2,5-fiiranylene, 1,4- or 2,6-naphthylene; a phenylene group, vAdch is 
optionally substituted by a group selected from fluorine, chlorine, cyano; or a 

10 Ci-18 cyclic, straight-chain or branched alkyl residue, which is optionally 

substituted by a single cyano group or by one or more halogen groups and in 
vAdch one or more non-adjacent alkyl -CH2- groups are optionally replaced 
by a group selected from -0-, -CO-, -C0-0~ -0-C0-, 
-Si(CH3)2-0-Si(CH3)2~ -NRI- -NRI-CO- -C0-NR1-, 

1 5 -NRl-CO-O-, -O-CCMSfRl-, -NR1-C0-NR1-, -CH=CH-, -feC- and 

-O-CO-O-, wherein R* is as defined above; 

E represents -Or3, -NR4r5 or an oxygen atom, which defines together with 
the ring D a coumarin unit, wherein r3, r4 and R^ are selected fi-om 
hydrogen and a Ci.ig cyclic, straight-cham or branched aJkyl residue, which 
20 is optionally substituted by one or more halogen atoms and in which one or 

more non-adjacent alkyl -CH2. groups are optionally replaced by a group 

selected from -CO-, -C0-0-, -O-CO- and -CH=CH-, or R4 and 
r5 together form a C5.8 alicyclic ring; 
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X, Y each independently represent hydrogen, fluorine, chlorine, cyano or a Ci.n 
alkyl group, which is optionally substituted by fluorine and in which one or 
more non-adjacent alkyl -CH2- groups are optionally replaced by a group 
selected from -C0-0-, -O-CO- and -CH=CH-; 

r2 represents hydrogen or a C^ig straight-chain or branched allg^l residue, which 
is optionally substituted by a single cyano group or by one or more halogen 
atoms and in which one or more non-adjacent alkyl -CH2- groups are 
independently optionally replaced by a group selected from -0-, -CO-, 
-CO-O- -0-C0-, -Si(CH3)2-0-Si(CH3)2- -NRI- -NR1-C0- 

^o--nr1- -^nr1-co-o~, -O-CO-NRI- -nr1-co-nr1- 

-CH=CH-, -CsC- and -O-CO-O- wherein R^ is as defined above. 
It is preferred that the groups X and Y represent hydrogen. 
It is also .prefeFT^'N^tliat^the^ group D is selected- from«sipyrimidine-2,5-diyl, 
. pyridine^2,5-diyW2,5-thippheiiylene, 2,5-furanylene, 1,4- or 2,6-naphthylene and a 
15 phenylene^gr@up5igSvMcrhJs4@p;#^ Ci-u i<yclic, straight-chain or 

branched alkyl residuejiey^^ one or more 

halogen groups and in wM^JBh^one^or^^more non-adjacent -CH2. groups are 

independently optionally^eplaeed by-a group^selectedr from^^O-^, -CO-, -C0-0-, 
-0-C0~, -CH=CH- and -C^-. 
20 It is especially preferred that D is selected from pyrimidine-2,5-diyl, 

pyridine-2,5-diyl, 2,5-furanylene, 1,4- or 2,6-naphthylene and phenylene, which is 
optionally substituted by a Ci^ straight-chain or branched alkyl residue, which alkyl 
group is optionally substituted by one or more fluorine atoms, and wherein one or 
more non-adjacent alkyl -CH2- groups are independently optionally replaced by a 
25 group selected-from ^O- -CO^, ~C0-0-, -O-CO- and-^CH=©H- 
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By the term "phenylene'' it should be understood to include 1,2-, 1,3- or 
1,4-phenyiene, which is optionally substituted. It is preferred that the phenylene group 
is either a 1,3- or a 1,4-phenylene, 1,4-phenylene groups are especially preferred. 

Preferred groups E are selected from -0R3 and -NR4r5^ wherein r3 and R^ 
5 represent a Cms cyclic, straight-chain or branched alkyl residue, which is optionally 
substituted by one or more halogen atoms, and in which one or more non-adjacent 
alkyl -CH2- groups are independently optionally replaced by -O- or -CH=CH-, 

wherein is selected from a hydrogen atom or a Ci-i8 cyclic, straight-chain or 
branched alkyl residue, which is optionally substituted by one or more halogen groups 

10 and which one or more non-adjacent alkyl -CH2. groups are optionally independently 
replaced by -O- or -CH=CH-, or R^ and r5 together to form a Cs^ alicyclic ring. 

It is especially preferred that E is selected from the group comprising -0R3 or 
-NHR4, wherein and R"* represent a Ci-jg cyclic, straight-chain or branched alkyl 
residue which is optionally substituted by one or more fluorine atoms and in which 

15 one or more non-adjacent alkyl -CH2- groups are independently optionally replaced 
by 

Preferred groups Bl to B4 are groups of formula II where n^ -f n^ < 1. 
It is preferred that each of the groups and comprising the groups B^ to 
B"^ are selected frohi cyclohexane-l,4-diyl, pyrimidine-2,5-diyl, pyridine-2,5-diyl, 
20 1 ,4- or 2,6-naphthylene and phenylene, which is optionally substituted by one or more 
groups selected from fluorine, chlorine, cyano and a C1.12 cyclic, straight-chain or 
branched alkyl residue, which is optionally substituted by a single cyano group or by 
one or more halogen atoms and in which one or more non-adjacent alkyl -CH2- 
groups are optionally independently replaced by a group selected from -0-, -CO-, 
25 -C0-0-, -0-C0-, -CH=CH-, -OC- and -O-CO-O-, 

It is especially preferred that the groups and are selected from 
cyclohexane-l,4-diyl, pyrimidine-2,5-diyl, pyridine-2,5-diyl, 2,6-naphthylene and 




DESC 



phenylene, which is optionally substituted by one or more fluorine atoms or a Cj-g 
straight-chain or branched alkyl residue, which is optionally substituted by one or 
more fluorine atoms, and in which one or more non-adjacent alkyl -CH2- groups are 
independently optionally replaeed'«by'*a group, sele^d fix)m«s^O-, -GO-, -C0-0-, 
_0-C0- and -CH=GH-. 

It is preferred that the groups S* to are selected from a single covalent bond, 
_0-, -C0-0-, -0-C0-, -NRI-, -NRI-CO-, -CO-NRI- -NRI-CO-O-, 
-O-CO-NRI-, -NR1-C0-NR1- -CH=CH-, -C^-, -O-CO-O-and a 
straight-chain or branched alkylene group, vs^iich is optionally substituted by one or 
more groups selected from fluorine, chlorine and cyano and in which two or tiiree 
non-adjacent alkylene -CH2- group are independently optionally replaced by a group 
selected from -0-, -C0-0-, -0-C0-, -NRI-, -NR1-C0-, -C0-NR1-, 
-NRi-G©^-, -O^CO«NR%-i -NRJi^O^NRJ^, -GH^eH-, -C=C-, 
-0-:CQrX>r- 2aadimrST^Q^3y2:^ above and 

with^i^e1ipipi!i5diiffii|^fi in the alkylene 

group doesmot-xxfeeed^=^Sand!iseeQndi5^'«4i6H'thg*repe^^ M is linked 

to via*a nitrogen<atom«©r«a oj^igenKatpin S V S-^and ,S'^are,-not«BO-, — CO— O— , 
_0-GOt^, . -iml^,. -NR^lbCO^^. -GQ-4MR4r^s -NR%<20i^!055, -O^O-NRI- 
-NR1-C0-NR1-, -CH=CH-, -OC- or -0-C0-0-. 

It is more preferred that to are selected from -C0-0-, -0-C0-, 
-(CH2)r-, -(CH2)r-0-, -(CH2)r-CO-, -(CH2)r-C0-0-, -(CH2)r-0-C0-, 
-(CH2)r-CO-NRl-, -(CH2)r-NRl-CO-, -(CH2)r-NRl-, -<MCH2)r-. 
_C0-0-(CH2)i-, -0-C0-(CH2)r-, -NR1-CO-(CH2)i-, -CO-NRl-(CH2)r-, 
-NRMeM^)r-, -0-(CH2)r-CO-O-, -0-^GM2)i-0-C0-, 

-0-(€I^i)r-G0i£Nl8K -0-r(eH2)r-NRii^, -0-(QMt)^0-, -0-(CH2)r- 
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-NRl-(CH2)r-0-C0- -C0-NRl-(CH2)r-0-, -CO-NRl-(CH2)r-NRl-, 
-C0-NRl-(CH2)r-O-C0-, -0-C0-(CH2),-C0- -0-C0-(CH2)r-0-, 
-0-CO-(CH2)r-NR2-, -0-C0-(CH2)i-C0-0- -0-C0-(CH2)r-C0-NRl-, 
-0-C0-(CH2)i-NR1-C0-, -(CH2)r-0-(CH2)s-, -(CH2)r-CO-0-(CH2)s-, 
-(CH2)r-0-CO-(CH2)s- -{CH2)r-NRl-CO-(CH2)s-, -(CH2)r-NRl- 
C0-0-(CH2)s-, -(CH2)i-0-(CH2)s-0- -(CH2)i-CO-0-(CH2)s-0-, 
-(CH2)r-0-CO-(CH2)s-0-, -(CH2)r-NRl-CO-(CH2)s-0-, -(CH2)r-NRl- 
C0-0-(CH2)s-0- -0-(CH2)r-0-(CH2)s-, -0-(CH2)r-C0-O-(CH2)s- 
-0-(CH2)r-NRl-CCKCH2)s-, -0-(CH2)r-NRl-C0-O-(CH2)s- -0-(CH2)r- 
C00-(CH2)s-0-, -0-(CH2)r-0-(CH2)s-0-, -0-(CH2)r-NRl-CO-(CH2)s-0-, 

-0-<CH2)r-NRl-CO-0-(CH2)s-0- -CO-0-(CH2)r-0-(CH2)s- and -CO-O- 
(CH2)r-0-(CH2)s-0-. wherein R* is as defined above, r and s each represent an 
integer from 1 to 20, preferably from 2 to 12, and r + s ^ 21 , preferably < 1 5. 

By the trains -(CH2)r-and -(CH2)s- it should be understood to include 
straight-chain or branched alkylene groupings containing r or s carbon atoms 
respectively. Optional substituents include alkyl, aiyl, cycloalkyl, amino, cyano, 
epoxy, halogen, hydroxy, nitro and oxo. 

It is especially preferred that SUo are selected from — (CH2)i— » 
-(CH2)r-0-, -(CH2)r-C0-0-. -(CH2)r-0-C0-, -(CH2)r-CO-NH-, 
-(CH2)r-NH-CO-, -CKCH2)r-, -C0-0-(CH2)r-, -C0-NH-(CH2)i-, 
-0-CCKCH2)r-, -0-C0-(CH2)r-CO-O-, -0-(CH2)r-0-CO-, -0(CH2)r- 
CO-NH-, -0-(CH2)r-NH-C0-, -C0-O-(CH2)r-0-, -C0-NH-(CH2)i-0-, 
-0-(CH2)r-0-, -(CH2)r-NH-CO-(CH2)s- -(CH2)r-NH-CO-0-(CH2)s-, 
-(CH2)r-0-(CH2)s-0-, -(CH2)r-NH-CO-(CH2)s-0-. -(CH2)x-NH- 
C0-0-(CH2)s-0-, -0-(CH2)r-NH-<:0-(CH2)s-, -0-(CH2)i-0-(CH2)s-0-, 



-11- 



F:\13»J60VEP01SPECVASF1LED.DOC [20/0315] 



23-07-1999 



.O^CO-(CH2)r-0-(CH2)s-0-, -CO-0-(CH2)r-0-(CH2)s-0- -0-(CH2)i- 
NH«CO-(CH2)s-0- and -0-CO-(CH2)r-NH-CO-(CH2)s-0-, wherein r and s 
each represent an integer from 2 to 12 and r + s < 1 5. 

Examples -of preferred the prefen^^^ to include 1 ,2-ethylene, 

5 1 ,3-propylene, 1 ,4-butylene, 1 ,5-pentylene,*^l ,6-hexylene, 1 ,7-heptylener 1 ,8-octylene, 
1,9-nonylene, 1,10-deGylene, 1,11-undeGylene, 1,12-dodeGylene, 3-methyl- 
-1 ,4-butylene, 3-propyleneoxy, 3-propyleneoxycarbonyl, 2-ethylenecarbonyloxy, 

4- butyleneoxy, 4-butyleneoxycarbonyl, 3-propylenecarbonyloxy, S-pentyleneoxy, 

5- pentyleneoxycarbonyl, 4-butylenecarbonyloxy, 6-hexyleneoxy, 6-hexyleneoxyc- 
10 arbonyl, 5-pentylenecarbonyloxy, 7-heptyleneoxy, 7-heptyleneoxycarbonyl, 

6- hexylenecarbonyloxy, 8-octyleneoxy, 8-octyleneoxycarbonyl, 7-heptylenecarbonyl- 
oxy, 9-nonyleneoxy, 9-nonyleneoxycarbonyl, 8-octylenecarbonyloxy, 10-decylene- 
oxy, 10-decyleneoxycarbonyl, 9-nonyleneearbonyloxy, 11-undecyleneoxy, 
1 l-undecyleneoxycarbonyU^ lO^tleeyleneGarbonyloxy, 125dodecyleneoxy, 

15 1 2-dodeGyieneQxyGarbony.l,4 1 1 -undQ^y^gne^^kpnyloxy, 3-propyleneiminocarbonyl, 
4-butyleneiminocarbonyl9^i 5-pentylgneiininc)caiibiE)nyiv 6-hexyleneiminocarbonyl, 

7- heptyleneiminoGarbonylr 8-OG^4^neiniino^arbc)ny4 9-honyleneiminocarbonyl, 
1 0-decy leneiminoGarbonyl,^ 1 1 -lusdeeyteneiniinocarbony lv> 1 2-dodecyleneimino- 
carboiiyl^2K5tl^lenecai5b0nyte 3-prQp3den^arbK3nyUmino 

20 imino, S-pentylenecarbonylimino, 6-hexyleneGarbonylimino, 7-heptyleneGarbonyl- 
imino, 8-octylenecarbonylimino, 9-nonylenecarbonylimino, 10-decylenecarbonyl- 
imino, 1 1 -undecylenecarbonylimino, 6-(3-propyleneiminocarbonyloxy)hexylene, 
6-(3-propyleneoxy)hexylene, 6-(3-propyleneoxy)hexyleneoxy, 6-(3-propyleneimino- 
Garbonyloxy)hexyleneoxy, 6-(3-propyleneiminocarbonyl)hexyl, 6-(3-propyleneimino- 

25 Garbonyl)hexyloxy, 1,2-ethylenedioxy, 1,3-propylenedioxy, l,4-.butylenedioxy, 
l,5-pentylenedio3^v l,6-.hexylenedioxyr 1,7-hep^lenedioxy^ l,8^octylenedioxy, 
1,9-nonylenedioxy, l,10^decylenedioxy, 1,1 l-\mdecylenedioxy, 1,12-dodecylene- 
dioxy and^tthe^like.^ 
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It is preferred that the unit of formula (I) comprises at least 50% of the 
monomer building blocks, which form the main chain of a photoactive polymer. It is 
especially preferred that the unit of formula (I) comprises at least 70% of the 
monomer building blocks forming the photoactive polymer. 

The repeating monomer unit M represents part of a homopolymer or a co- 
polymer. It is preferred that M forms part of a co-polymer. By the term "copolymer" 
it is to be understood to include statistical copolymers. 

The repeating monomer units M are preferably selected from acrylate; 
methacrylate; 2-chloroacrylate; 2-phenylacrylate; acrylamide, methacrylamide, 
2-chloroacrylamide and 2-phenylacrylamide, the nitrogen atom of which is optionally 
substituted by a lower a3ky\ group; vinyl ether; vinyl ester; a styrene derivative; 
siloxane; imide; amic acid; amic acid esters; amidimide; maleic acid derivatives and 
fumaric acid derivatives. 

It is more preferred that the rq)eating monomer unit M is selected from 
acrylate; methacrylate; acrylamide and methacrylamide the nitrogen atom of which is 
optionally substituted by a lower alkyl group; vinyl ether; vinyl ester; a styrene 
derivative, imide, amic acid, amic acid esters and amidimide. 

It is especially preferred that the repeating monomer imit M is selected from 
acrylate, methacrylate, a styrene derivative, indde, amic acid, amic acid ester, and 
amidimide. 

When the monomer unit M is an imide group, it is preferably selected from 
stmctures of the general formulae VI, VH, VIE, IX, X and XI: 




VI 
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S vdierein the broken line symbolises the linkage to 

T * represents a tetravalent organic radical; 

t2, t3 each independently represent a trivalent aromatic or alicyclic group which 
is optionally substituted by a group selected from fluorine, chlorine, cyano 
and a Ci.ig cyclic, straight-chain or branched alkyl residue, which is 
10 optionally substituted by one or more halogen groups and in which one or 

more non-adjacent alkyl -CH2. groups are independently optionally 
replaced by a group selected from -CO-, -C0-0-, -0-C0-, 

-CH=CH- and -C=C-, 

S4 to s8 are each independently selected from a single covalent bond and a Ci-24 
^ 15 straight-chain or branched alkylene residue, vAdch is optionally 

substituted by a single cyano group or by one or more halogen atoms and 
in which one or more non-adjacent alkylene -CH2. groups are, 
independently, optionally be replaced by a group selected from 
-CO-, -C0-0-, -0-C0-, -Si(CH3)2-0-Si(CH3)2- -NRI-, 
20 -NRI-CO-, -CO-NRI-, -NRI-CO-O-, -O-CO-NRI- 
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^NR1-C0-NR1~, -CH=CH-, -C=C- and -O-CO-O- wherein is as 
defined above; 

J is selected from the group comprising a nitrogen atom, a group - 

CRI- and an aromatic or alicyclic divalent, trivalent or tetravalent group, 

5 which is optionally substituted by one or more groups selected from 

fluoro^ chloro, cyano and a Ci-ig cyclic, straight-chain or branched alkyl 
residue which is optionally substituted by a single cyano group or by one 
or more halogen atoms and in which one or more non-adjacent -CH2- 
groups are, independently, optionally, replaced by a group selected from 

10 -0-, -CO-, -CO-O-, -0-C0-, -CH=CH- and -CsC-, wherein R^ is 

as defined above; 

K represents an aliphatic, alicyclic or aromatic divalent radical; and 

G represents^a hydrogeniatom^or a monovalent organic groups 

15 By tll%termi^dliphatiei;3t' sbb^ include^ saturated and 

unsaturated,;istraight-chain-^and«bra^^ which may be optionally 

substituted and in^which one or more non-adjacent--CH2- groups are»repiaced by one 
or more heteroatoms:- Optional* substituents include alkyl, aryl, cycloalkyl, amino, 
cyano, epoxy, halogen, hydroxy, nitro and oxo. Examples of heteroatoms that can 

20 replace the one or more -CH2- groups include nitrogen, oxygen and sulfur. 
Replacement nitrogen atoms may be further substituted with groups such as alkyl, 

aryl and cycloalkyl. 

The tetravalent organic radical is preferably derived from an aliphatic, 
alicyclic or aromatic tetracarboxylic acid dianhydride. Alicyclic or aliphatic 
25 tetracarboxylic acidwanhydrides-^ are preferably: selected- from- butanetetracarboxylic 
acid dianhydride, ethylenemaleicacid dianhydride, 1,2,3,4-cyclobutanetetracarboxylic 
acid dianhydridejir 1 ,2,3 ,4-GyGlopentanetetraearboxylic . acid^, dianhydride. 
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2,3,5-tricarboxycyclopentylacetic acid dianhydride, 3,5,6-tricarboxynorbomylacetic 
acid dianhydride, 2,3,4,5-tetrahydrofurantetracarboxylic acid dianhydride, 
4-(2,5-dioxotetrahydrofuran-3-yl)tetrahydronaphthalene- 1 ,2-dicarboxylic acid 
dianhydride, 5<2,5-dioxote1xahydrofuran-3-yl)-3-methyl-3-cyclohexene-l,2- 
-dicarboxylic acid dianhydride, bicyclo[2.2,2]oct-7-ene-2,3,5,6-tetracarboxylic acid 
dianhydride, bicyclo|;2.2.2]octane-2,3,5,6-tetracarboxylic acid dianhydride and 
l,8-dimethylbicycIo[2.2.2]oct-7-ene-2,3,5,6-tetracarboxylic acid dianhydride. 

Aromatic tetracarboxylic acid dianhydrides are preferably selected from 
pyromellitic acid dianhydride, 3,3',4,4-ben2ophenonetetracarboxylic acid 
dianhydride, 4,4'-oxydiphthalic acid dianhydride, 3,3',4,4'-diphenylsulfonetetra- 
carboxylic acid dianhydride, 1,4,5,8-naphthaIenetetracarboxylic acid dianhydride, 
2,3,6,7-naphthalenetetracarboxylic acid dianhydride, 3,3',4,4*-dimethyldiphenylsilane- 
tetracarboxylic acid dianhydride, 3,3',4,4'-tetraphenyIsiIanetetracarboxylic acid 
dianhydride, 1,2,3,4-ftirantetracarboxyiic acid dianhydride, 4,4 -bis(3,4-dicarboxy- 
phenoxy)diphenyl sulfide dianhydride, 4,4-bis(3,4-dicarboxyphenoxy)diphenyl 
sulfone dianhydride, 4,4'-bis(3,4-dicarboxyphenoxy)diphenylpropane dianhydride, 
3,3*,4,4*-biphenyltetracarboxylic acid dianhydride, ethylene glycol bis(trimellitic acid) 
dianhydride, 4,4-(l,4-phenylene)bis(phthalic acid) dianhydride, 4,4'-(l,3- 
phenylene)bis(phthalic acid) dianhydride, 4,4'-(hexafluoroisopropylidene)diphthalic 
acid dianhydride, 4,4'-oxydi(l,4-phenylene)bis(phthalic acid) dianhydride and 
4,4'-methylenedi(l,4-phenylene)bis(phthalic acid) dianhydride. 

It is especially preferred that the tetracarboxylic acid dianhydrides used to 
form the tetravalent organic radical are selected from 1,2,3,4-cyclo- 
butanetetracarboxylic acid dianhydride, 1,2,3,4-cyclopentanetetracarboxylic acid 
dianhydride, 2,3,5-tricarboxycyclopentylacetic acid dianhydride, 5-(2,5-dioxotetra- 
hydrofuran-3 -y l)-3 -methy 1-3 -cyclohexene- 1 ,2-dicarboxylic acid dianhydride, 
4-(2,5-dioxotetrahydrofuran-3-yl)tetrahydronaphthalene- 1 ,2-dicarboxylic acid di- 
anhydride, 4,4'-(hexafluoroisopropylidene)diphthalic acid dianhydride and bicyclo- 
[2.2.2]oct-7-ene-2,3,5,6-tetracarboxylic acid dianhydride. 
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Each of the groups and can be derived from an aliphatic, alicyclic or 
aromatic dicarboxylic acid anhydride. 

The groups and are preferably trivalent aromatic or alicyclic groups, the 
three valencies of which are distributed between three different carbon atoms, with 
5 the proviso that two of the valencies are located at adjacent carbon atoms. It is 
especially preferred that the groups and are trivalent benzene derivatives. 

The group is prefaably selected from a single covalent bond, 
-(CH2)r-,-(CH2)r-0-. -<CH2)r-CO-, -(CH2)r-C0-0-, -(CH2)r-0-C0-. 

-{CH2)r-CO-NRl-, -(CH2)r-NRl-C0- -(CH2)r-NRl-, -(CH2)r-0-(CH2)s- 
10 -(CH2)r-CO-0-(CH2)s- -(CH2)r-0-CO-(CH2)s-, -(CH2)r-NRl-CO-(CH2)s-, 
-(CH2)r-NRl-CO-0-{CH2)s- -(CH2)r-O(CH2)s-0-, 
-(CH2)r-CO-0-(CH2)s-0- -(CH2)r-0-CO-(CH2)s-0- 
-(CH2)r-NR^-GO-r<CH2)s^. -(OM2)r-NR*-CO-CKCH^s-^, -(CH2)r-0- 
(CH2)s^09O-Sand^Cp^)ir^0^CH2)s--^ defined herein 

15 above;-! and«s eaehWiepresent an integ^-wfromljl tor20; and r+ s<2l. It is more 
prefei*ed*thatois;and4Seeach*repi!!BS!ent3an;int^g0jfrom*2 to 12. It is especially preferred 

thatx + s^ 15. 

Examples of preferred groups S4 include 1,2-ethylen^j.- 1,3-propylene, 
1,4-butylene, 1,5-pentylene, 1,6-hexyleae, 1,7-heptylene, 1,8-octylene, 1,9-nonylene, 
20 1,10-decylene, 1,11-undecylene, 1,12-dodecylene, 3-methyl-l,4-butylene, 

3- propyleneoxy, 3-propyleneoxycarbonyl, 2-ethylenecarbonyloxy, 4-butyleneoxy, 

4- butyleneoxycarbonyl, 3-propylenecarbonyloxy, 5-pentyleneoxy, 5-pentylene- 
oxycarbonyl, 4-butylenecarbonyloxy, 6-hexyleneoxy, 6-hexyleneoxycarbonyl, 

5- pentylenecarbonyloxy, 7-heptyleneoxy, 7-heptyleneoxycarbonyl, 6-hexylene- 
25 carbonyloxy, S-dc^leneoxy, g-octyleneoxycarbonyl, T-hep^rlenecaibonyloxy, 

9- nonyleneo3&y; 9-nonyleneoxyearbonyl, g-octylenecarbonyloxy.^ . lO^decyleneoxy, 

1 0- Kieeyleneoxycasboi^ylrS-noiiylenecaBboayloxy, I l-undeeyleneoxy^t 1 l-undecylene- 
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oxycarbonyl, lO-decylenecarbonyloxy, 12-dodecyleneoxy, 12-dodecylene- 
oxycarbonyl, 11-undecylcnecarbonyIoxy, 3-propyleneiminocarbonyl, 4-butylene- 
iminocarbonyl, S-pentyleneiminocarbonyl, 6-hexyleneiminocarbonyl, 7-heptylene- 
iminocarbonyl, 8-octyleneiminocarbonyl, 9-nonyleneiminocarbonyl, 10-decylene- 
iminocarbonyl, 1 l-undecyleneiminocarbonyl, 12-dodecyleneiminocarbonyl, 
2-ethyIenecarbonyliinino, 3-propylenecarbonylimino, 4-bxityIenecarbonyliinino, 

5- pentylenecarbonylimino, 6-hexylenecarbonylimino, 7-heptylenecarbonylimino, 
8-octy lenecarbonylimino, 9-nonylenecarbonylimino, 1 0-decylenecarbonylimino, 
1 l-undecylenecarbonylimino, 6-(3-propyleneiminocarbonyloxy)hexylene, 

6- (3-propyleneoxy)hexylene, 6-(3-propyIeneoxy)hexyleneoxy, 6-(3-propyIeneimino- 
carbonyloxy)hexyleneoxy, 6-(3-propyleneiminocarbonyl)hexylene, 6-(3-propylene- 
iminocarbonyl)hexyleneoxy and the like. 

The groups and are preferably selected from a single bond, -(CH2)r-. 
-0-(CH2)r-, -CO-(CH2)r-, -C0-0-(CH2h-, -0-C0-(CH2)r-, 
-NR1-C0-(CH2),-, -NRl-{CH2)r-, -CO-NRl-(CH2)r-. -NR1-CO-(CH2)x-. 
-0-(CH2)r-0-<CH2)s-, -(CH2)r-CO-0-(CH2)s-, -(CH2)r-0-CO-(CH2)s- 
-(CH2)r-NRl-CO-(CH2)s-, -(CH2)r-NRlCO-0-(CH2)s- 
-0-<CH2)r-0-(CH2)s-, -0-(CH2)r-CO-0-(CH2)s- 
-0-(CH2)r-0-CO-(CH2)s- -0-<CH2)i-NR1-CO-(CH2)s-, -0-(CH2)i-NR1- 
C0-0-(CH2)s- -0-CO-(CH2)r-0-(CH2)s- and -CO-0-(CH2)r-0-(CH2)s- 
wiierein R' is defined as herein above; r and s each represent an integer fiom 1 to 20; 
and r + s ^ 21 . It is more preferred that r and s each represent an integer ftom 2 to 12. 
It is further preferred that r + s ^ 1 5. 

Examples of preferred groups and include 1,2-ethylene, 1,3-propylene, 
1,4-butylene, 1,5-pentylene, 1,6-hexylene, 1,7-heptylene, 1,8-octylene, 1,9-nonylene, 
1,10-decylene, 1,11-undecylene, 1,12-dodecylene, 3-methyl-l,4-butylraie, 2-oxy- 
ethylene, 3-oxypropylene, 4-oxybiitylene, 5-oxypentylene, 6-oxyhexylene, 7-oxy- 
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10-decyleneoxycarbonyl, 9-nonylenecarbonyloxy, U-undecyleneoxy, 11-undecylene- 
oxycarbonyl, 1 0-decylenecarbonyloxy , 1 2-dodecy leneoxy, 1 2-dodecyleneoxy- 
carbonyl, 11-undecylenecarbonyloxy, 3-propyleneiminocarbonyl, 4-butyleneiinino- 
carbonyl, 5-pentyleneiminocarbonyl, 6-hexyleneiminocarbonyU 7-heptyleneimino- 
carbonyl, S-octyleneiminocarbonyl, 9-nonyleneiniinocarbonyl, 1 Oniecyleneiinino- 
carbonyl, ll-undecyleneimmocarbonyl, 12-dodecyleneiminocarbonyl, 2-ethylene- 
carbonylimino, 3-propylenecarbonyliniino, 4-butylenecarbonylinimo, 5-pentylene- 
carbonylimino, 6-hexylenecarbonyiimino, 7-heptylenecarbonylimino, 8-octylene- 
carbonylinuno, 9-nonylenecarbonyliinino, 10-<iecylenecarbonyiimino, U-undecylene- 
carbonylimino, 6-(3-propyleneiminocarbonyloxy)hexylene, 6-(3-propyleneoxy)- 
hexylene, 6-(3-propyleneoxy)hexyleneoxy, 6-(3-propyleneiminocarbonyloxy> 
hexyleneoxy, 6-(3'propyleneiininocarbonyl)hexyU 6-(3-propyleneiiiiinocarbonyl)- 
hexyloxy, 1,2-ethylenedioxy, 1,3-propylenedioxy, 1,4-butylenedioxy, 1,5-pentylene- 
dioxy, 1,6-hexylenedioxy, l,7-heptylene<Uoxy, 1 ,8-octylenedioxy, 1,9-nonylenedioxy, 
l,10-decylenedioxy,4,ll-undecylenedioxy, l,12-dodeeylenedi0xy andthe like. 

The*aliRhatiCj^alipy.GUc>.,p^ arQmatiji*.divalent .radical is derivable from 
aliphatic, alicyclicavOr aromatic diammesiiiby^fomial. removal of t^^ groups. 
Examples of aliphatie^^or^aliGyclicfdiamines^fK^^ radicaltK can be derived 

include ethyienediaminer 1 ,3-propylenediamine, 1 ,4-butylenediaminei*.l ,5-pentylene- 
diamine, 1 ,6-hexylenediaminer - 1 ,7-heptylenediarnine, 1 ,8^octylenediamine, 
1 ,9-nony lenediamine, 1 , 1 0-decy lenediamine, 1,11 -imdecylenediamine, 

1,12-dodecylenediamine, a,a*-diamino-m-xylene, a,a'-diamino-/?-xylene, (5-amino- 
2,2,4-trimethylcyclopentyl)methylamine, 1 ,2-diaminocyclohexane, 4,4'-diamino- 
dicyclohexylmethane, l,3-bis(methylamino)cyclohexane, and 4,9-dioxa- 
dodecane- 1 , 1 2-diamine. 

Examples of aromatic diamines from which the radical K can be derived 
include 3,5-diaminoben2oiG-facid methyl ester^3,5-diaminobenzoie^acid he>grl ester, 
3,5-diaminobenzoic acid dodecyl ester, 3,5-diaminobtenzoie acid-isopropyl ester, 
4,4'-methylenedianilinei^ 4,4'-ethylenedianiline^ 4,4'-diaminp-3i3'-dimethyldiphenyl- 
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methane, 3,3',5,5'-tetramethylbenzidine, 4,4*-diaminodiphenyl sulfone, 4,4'-diamino- 
diphenyl ether, 1 ,5-diaimnonaphthalene, 3,3'-dimethyl-4,4'-diaminobiphenyl, 
3,4'-diaminodiphenyl ether, 3,3'-diaininobenzophenone, 4,4'-diaminoben2ophenone, 
4,4'-diamino-2,2'-dimethylbibenzyl, 2,2-bis[4-(4-aminophenoxy)phenyl] sulfone, 
l,4-bis(4-aminophenoxy)benzene, l,3-bis(4-aminophenoxy)benzene, l,3-bis(3- 
aminophenoxy)benzene, 2,7-diaminofluorene, 9,9-bis(4-ammophenyl)fluorene, 
4,4'-methylenebis(2-chloroaniline), 4,4-bis(4-aminophenoxy)biphenyl, 2,2',5,5'-tetra- 
chloro-4,4'-diammobiphenyl, 2,2'-dichloro-4,4'-diamino-5,5'-dimethoxybiphenyl, 
3,3'-dimethoxy-4,4'-diaminobiphenyl, 4,4'-(l,4-phenyleneisopropylidene)bisaniline, 
4,4'-(l,3-phenyleneisopropylidene)bisaniline, 2,2-bis[4-(4-ammophenoxy)phenyl]- 
propane, 2,2-bis[3 -(4-aniinophenoxy)phenyl]hexafluoropropane, 2,2-bis[3-ammo- 
-4-methylphenyl]hexafluoropropane, 2,2-bis(4-aniinophenyl)hexafluoiopropane, 
2,2'-bis[4-(4-ainmo-2-trifluoromethylphenoxy)phenyl]hexafluoropropane, 
4,4'-diammo-2,2'-bis(trifluoromethyl)biphenyl, and 4,4'-bis[(4-amino-2-trifIuoro- 
methyl)phenoxy]-2,3,5,6,2',3',5',6'-octafluorobiphenyl. 

The groiq) J may be divalent, trivalent or tetravalent When J is divalent, it 
serves to link the groups S* and S^ S** and S' and and N respectively of the groups 
VI to XI. It will be ^predated that whea J is a divalent group, the monomer unit of 
which it forms a part is not linked to a side chain group B''. When J is a trivalent or a 
tetravalent group, it serves to link the monomer unit M, of which it forms a part, to 
one or two side chain groups B* respectively. It is preferred that the photoactive 
polymer comprises less than 75 %, of monomer units including a divalent group J, 
preferably less than 50% and especially less than 30%. Monomer units M 
comprising a trivalent group J are preferred. 

The building blocks of the formulae VII, DC and XI are amic acid groupings or 
amic acid ester groupings (i.e. carboxamide-carboxylic acid grovq>ings or 
carboxamide-carboxylic acid ester groupings) -wiiich on the one hand may occur as a 
result of incomplete imidisation in the polyimide chain. On the other hand, polymers 
that consist only of building blocks of formulae VH, IX or XI, that is to say polyamic 
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acids or polyamic acid esters, are important precursors for the preparation of the 

polyimides according to the invention and are also included in the present invention. 

Of those polymers which contain groups of fomiulae VII, IX or XI, preference is 

given to those-in which G is hydrogen, that is to say those which consist exclusively 
5 of, or contain some^ polyamic acid groups. 

The polymers of the invention may be prepared using metiliods that are known 

to a person skilled in the art and a second aspect of the invention provides a mefliod of 

preparing a compound of formula (I) as defined above. 

The polymers of formula I, with acrylate, methacrylate and styrene derivative 
10 as repeating monomer xmit, can be prepared in principle according to two different 

processes. In addition to the direct polymerisation of pre-finished monomers there 

exists the possibility of polymer-analogous reaction of reactive photoactive 

derivatives with functional polymers. 

For the dir€M(£tflpolymerisation, the^^monomers^^^^^m are firstly 

1 5 prepared separately firom the individual components.* The-formation of the polymers is 

subsequently^eflfected'^^int^a manner^kno^^p^r under the'* influence of UV radiation 

or heat or-^bj^tiieJiacJionupf^radical^^^^^^^ 

dibenzoyl? peroxide^^azobisi^^ di-ferr-butyl peroxide ^are examples of 

radical initiators. Ionic^catalysts*are alkaliTorganic compoimds-such as phenyllithium 
20 or naphthylsodium or Lewis acids such as BF3, A1C13, SnCl3 or TiCl4. The monomers 
can be polymerised in solution, suspension, emulsion or substance. 

In the second process a polymer of formula I can also be produced in a 
polymer-analogous reaction firom a pre-finished functional polymer and a suitable 
fimctionalised photoactive derivative. Many known processes such as, for example, 
25 esterification, trans-esterification, amidation or the etherification are suitable for 
polymer7an£diQigo.us«teactions. ' 

Aery later* methacrylate and -styrene polymers typicaHy>haye a molecular 
weight MW of J^fi-omw^l 000 to 5 OOOftOOO, preferably fromr-S 000* to 2 000 000, and 
especially^firdm lO^OOOHo l 000*000?^^ 
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Polyamic acids and polyimides of the present invention may be prepared in 
accordance with known methods, such as those described in PlasL Eng. 36 (1996) 
(Polyimides, fundamentals and applications). 

For example, the polycondensation reaction for the preparation of the 
5 polyamic acids is carried out in solution in a polar aprotic organic solvent, such as 
y-butyrolactone, A^,A^-dimethylacetamide, //-methylpyrrolidone or A^,//-dimethyl- 
formamide. In most cases equimolar amoxmts of the dianhydride and the diamine are 
used, that is to say one amino group per anhydride group. If it is desired to stabilise 
the molecular weight of the polymer, it is possible for that purpose to add an excess or 

10 a less-than-stoichiometric amount of one of the two components or to add a 
monofunctional compound in the form of a dicarboxylic acid monoanhydride or in the 
form of a monoamine. Examples of such monofunctional compoimds are maleic acid 
anhydride, phthalic acid anhydride, aniline and so on. The reaction is carried out 
preferably at a temperature of less than 1 00 *^C. 

15 The cyclisation of the polyamic acids to form the polyimides can be carried 

out by heating, that is to say by condensation with removal of water or by other 
imidisation reactions with reagents. When carried out purely thermally, the 
imidisation of the polyanuc acids is not always complete, that is to say the resulting 
polyimides may still contain proportions of polyamic acid. The imidisation reactions 

20 are generally carried out at a temperature of from 60 to 250 °C, but preferably at less 
than 200 "^C. In order to achieve imidisation at rather lower temperatures there are 
additionally mixed into the reaction mixture reagents that facilitate the removal of 
water. Such reagents are, for example, mixtures consisting of acid anhydrides, such as 
acetic acid anhydride, propionic acid anhydride, phthalic acid anhydride, 

25 trifluoroacetic acid anhydride, and tertiary amines, such as triethylamine, 
trimethylamine, tributylamine, pyridine, iS^JNT-dimethylaniline, lutidine, collidine etc.. 
The amount of reagents used in that case is preferably at least two equivalents of 
amine and four equivalents of acid anhydride per equivalent of polyamic acid to be 
condensed. 
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The imidisation reaction can be carried out before or alternatively only after 
application to a support. The latter variant is preferred especially when the polyimide 
in question has poor solubility in the customary solvents. 

The polyamic acids and the polyimides of the present invention have an 
5 intrinsic viscosity preferably -in^rrangerof ^0.05 to 10 dL/g, more- preferably 0.05 to 
5 dL/g. Herein, the intrinsic viscosity (riinh = In rirel/C) is determined by measuring a 
solution containing a polymer in a concentration of 0.5 g/100 ml for its viscosity at 
30 ""C using Jsr-methyl-2-pyrrolidone as solvent. 

The polyamic acid chains or polyimide chains of the present invention 
10 preferably contain from 2 to 2000 monomer units, especially from 3 to 200. 

Additives such as silane-containing compounds and epoxy-containing 
crosslinkiE^ agents may be added to the polymers of the invention in order to improve 
the adhesion of the polymer to a substrate. Suitable silane-containing compounds are 
described in PlasL Eng, 36 (1996) (Polyimides, fundamentals and applications), 
15 Suitable epoxy-containing crossliiiMng^ agents* include 4,4'-methylenebis- 
(Ar,7/-diglycidylaniline),wtriinethy4olprp.p 

carboxylic acid5^1,2:4,SvM^^MiglK<^idyl(l^ ether, 
iV,Ar-diglycidylcyclohexylaimne»and th^likem 

Further -additives^ such a photosensitiserra photoradicalr-^generator and/or a 

20 cationic photoinitiat©r-«may talso^be addedi^to^tiie^poly^^ Suitable 
photoactive additives include 2,2-dimethoxyphenylethanone, a mixture of 
diphenylmethanone and JV^AT-dimethylbenzenamine or ethyl-4-(dimethylamino)- 
benzoate, xanthone, thioxanthone, Irgacure™ 184, 369, 500, 651 and 907 (Ciba), 
Michler's ketone, triaryl sulfonium salt and the like. 

25 The polymers according to the invention may be used alone or in combination 

with other polymers, oligomers, monomers, photoactive polymers, photoactive 
oligomers and/or ph©t©a©tive»^monomersrdepending-up on the-jqppli©ati0n«^to which 
the polymer layer ds to be put. It will therefore be appreciated that-wby^varying the 
composition of the polymer^ layers it is .possible>^to controU properties i »sueh as an 



-26- 



r :\ I ^&uou\tuni I SKtCVASFILED.DOC [20 / 03 1 5J 




induced pretilt angle, good surface wetting, high voltage holding ratio, a specific 
anchoring energy etc. 

Polymer layers may be readily prepared from the polymers of the present 
invention and a third aspect of the invention provides a polymer layer comprising a 
polymer according to the present invention in a cross-luiked form. The polymer layer 
is preferably prepared by applying one or more polymers according to the invention to 
a support and, after any imidisation step which may be necessary, crosslinking the 
polymer or polymer mixture by irradiation with linearly polarised light. It is possible 
to vary the direction of orientation and the tilt angle within the polymer layer by 
controlling the direction of irradiation of the linearly polarised light. It will be 
appreciated that by selectively irradiating specific regions of the polymer layer it is 
possible to align very specific regions of the layer and provide layers with a defined 
angle of tilt. This orientation and tilt is retained in the polymer layer by the process of 
cross-linking. 

It will be appreciated that the polymer layers of the present invention can also 
be used as orientation layers for liquid crystals and a prefeaxed embodiment of the 
third aspect of the invention provides an orientation layer comprising one or more 
polymers according to the invention in a cross-linked form. Such orientation layers 
can be used in the manufacture of optical constructional elements, preferably in the 
production of hybrid layer elements. 

The orientation layers are suitably prepared fix>m a solution of the polymer 
material. The polymer solution is applied to a support optionally coated with an 
electrode (for example a glass plate coated with indium-tin oxide (ITO)) by a spin 
coating process, to produce homogeneous layers of 0.05 to 50 ^m thickness. The 
resulting layer is imidised, if required, and may then be selectively orientated by 
irradiation with a high-pressure mercury vapour lamp, a xenon lamp or a pulsed UV 
laser, using a polariser and optionally a mask for creating images of structures. The 
irradiation time is dependent upon the output of the individual lamps and can vary 
from a few seconds to several hours. The cross-linking reaction can also be carried 
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10.0 g (66.6 mmol) 4-carboxybenz2ddehyde were dissolved in 100 ml toluene 
5 and 23 .6 g (69.9 mmol) ((methoxycarbonyl)methyl]triphenyIph©sphoEane were added. 
The reaction was slightly exothermic. The thick suspension was dUuted with 50 ml 
toluene. After 18 h at room temperature the product was collected by filtration and 
was digest in 100 ml isopropyl alcohol at reflux temperature for 1 hour. The solid was 
then filtered off at 0 °C, dried overnight at 45 under vacuum, resulting in 8.9 g 
1 0 (65%) (£)-4-carboxyl cinnamic acid methyl ester as white powder. 

Prepai-ation- of l-^mejitytaeiyliexacid fbrQmeiffiji^^l>.es^r» h 




15 

19.2 g (76^4 mmob)*.ll-bromofel-undeeanoW.2 g 484sl-«>Btt0l) methacrylic 
acid and 1.03 g (8.4 mmol) 4-dimethylaminopyridme were dissolved in 157 ml 
dichloromethane. The solution was subsequently cooled to 0 "C and then a solution of 
17.4 g (84.2 mmol) dicyclohexylcarbodiimide in 80 ml dichlorometiiane was added 
20 drbpwise at 0 *C over a period of 45 minutes. The reaction mixture was allowed to 
warm to room temperature, stirred for 19 hours and filtered. The filtrate was 
concentrated by evaporation. The residue was purified by chromatography using a 
silica.gel column»(170 g) and toluene ds eluant to give 19.3 g (98.4%) 2-methylacrylic 
acid^M-bromoundeeytester; 

25 
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Preparation of 2,5-dihydroxybenzoic acid 1 l-(2-methylacryloyloxy)undecyl ester 

OH Q O 
OH 

5 8.46 g (54,9 mmol) 2,5-dihydroxybenzoic acid was suspended in 55 ml 

acetonitrile, 8.24 ml (54.9 mmol) l,8-diazabicyclo[5.4.0]midec-7-ene(l,5-5) (DBU) 
were added dropwise over a period of 10 minutes. The reaction temperature was 
allowed to rise to 40 **C. The reaction mixture was cooled to room temperature and 
19.3 g (60.4 mmol) 2-methacrylic acid 11-bromoundecyl ester was added and the 

10 resulting mixture was then reflux for 17,5 hours. The reaction mixture was cooled and 
then extracted using diethyl ether and water; the diethyl ether was washed firstly with 
water, then with IN sulfuric acid and finally with water, dried over sodium sulfate, 
filtered and concentrated by rotary evaporation. The residue was recrystaUised twice, 
firstly form a mixture of ethyl acetate (17 ml) and hexane (100 ml) and secondly form 

15 a mixture of /erf-butyl methyl ether (50 ml) and hexane (100 ml) to give 1 7. 1 g (79%) 
2,5-dihydroxybenzoic acid 1 l-(2-metihylaciyloyloxy) cstsr as white crystals. 
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Preparation of (iS0-2-Hydroxy-5-f4-(2-methoxycarbonylvinyl)benzoyloxylbenTO 
acid ll-(2-methylacryloyloxy)undecyl ester 




4.,7»6 g p2.1wmmQl)J,5.TdiKydr@xyben2«^ l l-(2"methylaci5rloyloxy)ester, 

2.50 . g (12.Xrmnol)(,XJE)^ acid methyji ester^iand . 047 g (3.0 mmol) 

4-dimethylaminQP32ndinenwer^^ A suspension 

10 of 232g^(12ilv mmol*)4A^-(3r'ain^^ hydro- 
chloride and%£5. mtodieWorornethane^were added€dropwisei<over^ period of 1 hour. 
After 1.5 houwat^room temperature^theireaction mixture^ w 

methane and water; the dichloromethane was washed repeatedly with water, dried 
over sodium sulfate, filtered and concentrated by rotary evaporation. The residue was 
15 purified by chromatography using a silica gel column (240 g) using cyclohexaneiethyl 
acetate (9:1) as eluant to give 6.1 g (87%) (J5;)-2-hydroxy-5-[4-(2-methoxycarbonyl- 
vinyl)benzoyloxy]benzoic acid ll-(2-methylacryloyloxy)undecyl ester as white 
powder, m.p. = 51 **C. 
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Preparation of (£^-4-Hydroxy-3--methoxycinnainic acid methyl ester 




o — 



5 25 g (0.13 mol) of (JS)-4-hydroxy-3-methoxycinnaimc acid was dissolved in 

180 ml of methanol, and S ml of concentrated sulfuric acid was added thereto. The 
solution was heated at reflux for 2 hours. The majority of the methanol (about 150 ml) 
was removed by distillation and the remaining residue was poured into 500 ml of 
ice-water thereby to effect precipitation of the ester, which was then purified by 

10 suction filtration and washed firstly with cold water, then with a small amount of cold 
saturated sodium bicarbonate solution and finally with cold water and dried at 50 °C 
imder a water-jet vacuum. The product was then purified by chromatography using 
silica gel (250 g) using dichloromethaneidiethyl ether (19:1) as eluant to give 21.78 g 
of (£>4-hydroxy-3-methoxycinnamic acid methyl ester in the form of a light-yellow 

15 oil. 

Preparation of (£>4-<6-Hydroxyhexyloxy)-3-metiioxycinnamic acid methyl ester 




20 3.92 ml (25.2 mmol) of 1,6-hexanediol vinyl ether were added to a solution of 

5.0 g (24.0 mmol) of (£)-4-hydroxy-3-methoxycinnamic acid methyl ester and 6.61 g 
(25.2 mmol) of triphenylphosphine in 150 ml of tetrahydrofuran. The colourless 
solution was subsequently cooled to 0 and tiien 11.5 ml (25.3 mmol) of a 40% 
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solution of azodicarboxylic acid diethyl ester in toluene were added dropwise thereto 
over a period of 30 minutes. The mixture was subsequently allowed to react first for 
30 minutes at 0 °C and then for 22.5 hours at room temperature. 150 ml of methanol 
and 10 drops of conGcntrated sidfuric acid were then added to the reaction solution 

5 and the mixture was stirred for 1.5 hours. The reaction mixture -was then extracted 
vising ethyl acetate and water. The ethyl acetate was washed with- a saturated sodiiun 
bicarbonate solution and repeatedly with saturated sodium chloride solution, dried 
over magnesium sulfate, filtered and concentrated by evaporation. The resulting 
residue was purified by colunm chromatography using silica gel (470 g) using toluene 

10 :ethyl acetate (1:1) as eluant. Recrystallisarion from ethyl acetate:hexane (3:5) gave 
6.13 g of 4-(6-hydroxyhexyloxy)-3-methoxycinnamic acid methyl ester. 

Preparation^of ;(.E-jg).-L5«;ri4r(t2^Methoxy.carb.onyivinyl.)be 

fmethoxvcarbonylvinyDBhenoxyloxyhexyllbenzoic acid . l l-(2-m ethylacrvloyloxy)- 
15 undecyl estervn^ 



— o » 




1.24 g (2.13 mmol) (£)-2-hydroxy-5-[4-(2-methoxycarbonylvinyl)benzoyl- 
20 oxy]benzoic acid ll-(2-methylaciyloyloxy)undecyl ester, 0.66 g (2.13 nunol) 
4-(6-hydroxyhexyloxy)-3-methoxycinnamic acid methyl ester and 0.59 g (2.24 nunol) 
of triphenylphosphine>"in^20 ml of tetFahydrofurattf^TBfevcolouFless*: solution -was 
subsequently cooled*Sto 0 °C and 0.98 -ml. (2. 1 5 mmol)^ of^^^a »40% solution of 
azodicarboxylieiacid«diethy4&ester*in'*toluene)«wasfadded.dr©pws^^ over a period 

25 of 1 0 minutes. The mixture was subsequently allowed to react for 3 hours at 0 °C. The 
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reaction mixture was then partitioned between ethyl acetate and water; the organic 
phase was washed repeatedly with saturated sodium chloride solution, dried over 
magnesium sulfate, filtered and reduced in volume by evaporation. The resulting 
residue was added to a mixture of methanol and water (3:2). The resulting solid was 
separated from the solution by filtration and dried overnight at 45 °C under vacuum. 
The solid was p\irified by column chromatography using silica gel (150 g) and toluene 
:ethyl acetate (9:1) as eluant to give 1.40 g (75 %) of . (£,£)-5-[4-(2-methoxy- 
carbonylvinyl)ben2oyloxy]-2-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]oxy- 
hexyl]ben2oic acid 1 l-(2-methylacryloyloxy)vmdecyl ester as white powder. 

Example 2 

Preparation of Poly-f 1>[1 l-f(i;£)-2,5-di-^6-^2-methoxy^4^(metfaoxycarbonylvinyl)^ 
phenoxyloxyhexyl]benzoyloxy]undecyloxycarbonyl]- 1 -methylethylene] 




This was effected using the procedure according to Example 1 vising 0.87 g 
(0.89 nunol) (£',jE)-2,5-di-[6-[2-methoxy-4-(methoxycarbonylvuiyl)phenoxy]oxy- 
hexyl]benzoic acid ll-(2-methylacryloyloxy)undecyl ester to give 0.25 g 
(30 %) poly-[l-[l l-[(£,jB)-2,5-di-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]- 
oxyhexyl]benzoyioxy]undecyloxycarbonyl]-l-methylethylene] as hard solid; 
Mn=6.9x 10^pdi=L95. 
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The (£,£^-2,5-di-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]oxy- 
hexyl]benzoic acid ll-(2-methylacryloyloxy)undecyl ester xised as starting material 
was prepared in accordance with the following procedure: 

5 Preparation of (£:,^-2,5'di46-r2-methoxy-4>(methoxycarbonylviny;l)phenoxy]o^^ 
hexvUbenzoic acid 1 l-(2-meQiylacryloyloxy)undecyl ester 




10 0.50 (L55 mmol) 2,5-dihydro>gpbenzoic%acid ll-(2-methylaGryloyloxy)ester, 

0.96 g (3.10 mmol)^(£)-4-(6-hydroxyjhexylox5^)-3-metiio methyl ester 

and O.81i^mfe(3,2j6^mm0l) ofWt^^ in 10 ml of 

tetrahydrdfuran andiil0.82?^<2.10 a^ l,r-(azodiearbonyl)dipiperidine were 

added. The mixturejiiwas allowed to wact^or 1 hour at room temperature. The reaction 

15 mixture -was^then«iextoactedt»using«*ethyt acetate-and water. The-^ ethyl acetate was 
washed repeatedly with saturated sodium chloride solution, dried over magnesium 
sulfate, filtered and concentrated by evaporation. The resulting residue was purified 
by column chromatography using silica gel (150 g) \ising tolueneiethyl acetate (85:15) 
as eluant to give 0.82 g (59 %) of (£;£)-2,5-di-[6-[2-methoxy-4-(methoxy- 

20 carbonylvinyl)phenoxy]oxyhexyl]benzoic acid 1 l.(2-methylacryloyloxy)undecyl 
ester as white powder. 
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Example 3 

Preparation of poly-[l-ri l-[5-[6-f2-methoxy-4(^£>(methoxycarbonylvinyl)phenoxv]- 
oxyhexylV2-[6-r3r£>(3-methoxy-4-butoxyphenyl)aciyloyloxy1oxyhexyl1ben2oyl^ 
oxylnndecyloxycarbonyll- 1 -methylethylenel 

5 




Following the procedure of Example 1 and using 0.634 g (0.624 mmol) (E,E)' 
10 5-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]oxyhexyl]-2-[6-[3-(3-meth^ 

-4-butoxyphenyl)aciyloyloxy]oxyhexyl]ben2oic acid 1 l-(2-methylacryloyloxy)- 
undecyl ester and 1.0 mg (0.0062 mmol) a.a-azoisobutyronitrile (AIBN) yielded 
0,464 g (73 %) of Poly-[l-[ll.[5-[6-[2-methoxy-4fEKmethoxycarbonylvinyl)- 
phenoxy]oxyhexyl]-2-[6-[3('^-(3-methoxy-4-butoxyphenyl)acryloyloxy]oxyhexyI] 
15 benzoyloxy]undecyloxycarbonyl]-l-methylethylene] as a solid; Mn= 1.53x10^, 
pdi = 2.54,Tg=17.7^C. 

The ^-5-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]oxyhexyl]- 
2-[6-[3-(3-methoxy-4-butoxyphenyl)acryloyloxy]oxyhexyl]benzoic acid 1 1-(2- 
mefhylacryloyloxy)undecyl ester used as starting material was prepared in accordance 
20 with the following procedure: 
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Preparation of ^£;-4-butoxy-3-methoxyciimamic acid methyl ester 




10 



4.16 g (20.0 mmol) ferulic acid methyl ester was dissolved in 115 ml 2- 
butanone. 2.09 ml (22.0 mmol) «-butyl bromide and 11.06 g (80 tnmol) potassium 
carbonate were added. The reaction suspension was then heated at reflux temperature 
for 20 hours. The reaction mixture was filtered. The filtrate was concentrated by 
evaporation. The crude product was recrystallised from 42 ml isopropyl alcohol 
yielded 4.85 g (92 %) (E^-4-butoxy-3-methoxycinnainic acid methyl ester as white 
crystals^- 



Preparatio ntoAtia^rbu tfiijcy-Sjmiii^^ 



15 




20 



10 g (0.15 mol) potassium hydroxide were dissolved in a mixture of 200 ml 
methyl alcohol and 5 ml water. 4.85 g (18.35 mmol) r^M-butoxy-3- 
methoxyciimamic acid methyl ester was added. The reaction mixture was 
subsequently heated to 60°C. After 2.5 h the mixture was concentrated by 
evaporations-TBIwresidue^was'.dissolivedein'.lOO- ml«cold)twater«and».acidified to pH=l 
with 13.5 miahyrdtoeMSMc^aeid 37«wt<'%>wThe'.pr0duGt8wastfill&cedii©^ washed with 
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water and dried at 50 under vacuum to give 4.24 g (92 %) ^£;;-4-butoxy-3- 
methoxycinnamic acid as white crystals. 

Preparation of (^£)-4-butoxy-3-metfaoxycinnamic acid 6-hydroxyhexyl ester 

5 

/ 




Following the procedure of Example 1 and using 1.38 g (5.50 mmol) (E)-4-butoxy-3- 
methoxycinnamic acid, 0.84 g (5.50 mmol) l,8-diazabicyclo[5.4.0]vmdec-7-ene(l,5-5) 
10 (DBU) and 0.68 g (5.0 mmol) 6-chlorohexanol gave 1.39 g (79 %) fZ;;-4-butoxy-3- 
methoxycixmamic acid 6-hydroxyhexyl ester as colourless oiL 

Preparation of (£)-2-Hydroxy-S-r6-r2-methoxy-4-(methoxycarbonylvinyl)phenoxy1- 
oxyhexyllbenzoic acid 1 l-(2«methylaciyloyloxy)imdecyl ester 

15 



— o 




1 .27 g (3.24 mmol) 2,5-dihydro3g^benzoic acid I l-(2-methylacryloyloxy)ester, 
1.0 g (3.24 mmol) 4-(6-hydroxyhexyloxy)-3-methoxycinnamic acid methyl ester and 
20 0.89 g (3.40 mmol) of triphenylphosphine were dissolved in 20 ml of tetrahydrofuran. 
The colourless solution was subsequently cooled to 0 ^'C and then 1.48 ml (3.40 
mmol) of a 40 % solution of eizodicarboxylic acid diethyl ester in toluene was added 
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dropwise thereto over a period of 10 minutes. The mixture was subsequently allowed 
to react for 3 hours at 0 °C. The reaction mixture was then partitioned between ethyl 
acetate and water; the organic phase was washed with repeatedly with saturated 
sodiimi chlomde solution, dried»©ve»*magnesium sulfeterfiltered-andv,©oncentrated by 
evaporation. The residue was digest in a mixture form methanol and. water 3:2. The 
solid was then filtered off and dried overnight at 45 °C under vacuum. 
Chromatography of the solid on 150 g of silica gel using toluene : ethyl acetate 1:1 
yielded 1.45 g (65 %) of (£)-2-hydroxy-5-[6-[2-methoxy-4(methoxycarbonylvinyl)- 
phenoxy]oxyhexyl]benzoic acid ll-(2-methylacryloyloxy) undecyl ester as colourless 
oil. 

Preparation of fS',£';-5-r6-r2-methoxy-4-(methoxycarbonylvinvnphenoxyloxyhexyn- 

-2-r6-r3-(3-methoxy-4-butoxyphenvl)acryloyloxy1oxyhexvnbenzoic acid 

1 1 -(2-methyAaEgyIayl0Xt^OuBdgcatKestew fc 




0.81 g (1.18 mmol) (£).2-hydroxy-5-[6-[2-methoxy-4-(methoxy- 
carbonylvmyl)phenoxy]oxyhexyl]ben2oic acid ll-(2-methylacryloyloxy) undecyl 
ester, 0.4l4 g#.'t8"^mMol^»4-(6*ydro»yhe3grloxy>3-me!fe acid methyl 

ester and 0.31*mK1.24^ inm©l»)'Of tributylphosphime*. were dissolved- in 10 ml of 
tetrahydroftoan»to>* wM©hKi a*-miKtiitte'Krof^-0.31 g (1.24?* mmol) of 1,1'- 
(azodicarbonyl)dipipfri^e pid 5 ml tetrahydrofiiran was subsequently added in a 
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15 



20 



DESC 



dropwise fashion over a period of 1 hour. The mixture was allowed to react for 18 
hours at room temperature. The reaction mixture was then partitioned between ethyl 
acetate and water; the organic phase was washed with repeatedly with saturated 
sodium chloride solution, dried over magnesium sulfate, filtered and concentrated by 
evaporation. Chromatography of the crude product on 120 g of silica gel using toluene 
: ethyl acetate 4:1 and crystallisation form rerf-butyl methyl ether yielded 0.63 g (62 
%) (jB,£>5-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]oxyhexyl]- 
-2-[6-[3-(3-methoxy-4-butoxyphenyl)acryloyloxy]oxyhexyl]benzoic acid 
1 l-(2-methylacryloyloxy)undecyl ester as white crystals. 

Example 4 

Preparation of Poly'ri'ril*r(£^£',^-3,4,5-tri-[6-r2-methoxy-4-(methoxycarbonyl- 
vinyl)phenoxy1oxyhexyl1benzoyloxy]undecyloxycarbony 11- 1 -methylethylene 




Preparation can be carried out analogously to Example 1 using O.SO g (0.413 
mmol) (£,£,£)-3,4,5-tri-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]oxy- 
hexyl]benzoic acid ll-(2-methylacryloyloxy)undecyl ester and (0.004 mmol) 
a.a-a2oisobutyronitrile (AIBN) yield Poly-[l-[ll-[(£:,£,£)-3,4,5-tri-[6-[2-methoxy- 
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-4-(methoxycarbonylvinyl)phenoxy]oxyhexyl]benzoyloxy]undecyIoxycarboiiyl]-l-me 
thylethylene]. 

The (£,£;£:)-3,4,5-tri-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]oxy- 
hcxyl]beiiz0i©' acidvll-(2«methy.lacryioyloxy)undecyi used as istarting material 
5 was prepared in accordance with the following procedure: 

Preparation of 3,4,S-dihydrexvbenzoic acid 6-(2-methacryloyloxy')hexyl ester 




10 

This was effected using the procedure according to Example 1 using 6.08 g 
(32.3 mmQl)*?g3lMB iacid»«5.41''<g 4(35.5 minol) l,8-diaszabi(cycl©[€.4.0]undec-7-ene- 
(1,5-5) ;(I^®iandn6.i8^g ,(21 5 mm0l),2-methacrylifc acid 6-iodohexyl ester to give 
2.43.g (33»^/tf)««^ 

15 

Preparati<gnmofa;(£.£.g)-3,4.5-tri464<2^ine1ihoxv-4-^^ 
oxYhexvsljlj|gfenzoie>aeidd4^(^25aae1fayJ.aci56^ 




o 

/ 
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Following the procedure of Example 1 and using 1.00 g (2.95 mmol) 3,4,5- 
dihydroxybenzoic acid 6-(2-methacryloyloxy)hexyl ester, 2.32 g (8,87 mmol) 
triphenyiphosphine, 2.73 g (8.87 mmol) (£r)-4-(6-hydroxyhexyloxy)3-methoxy- 
cinnamic acid methyl ester and 4,03 ml (8.87 mmol) of a 40% solution of azo- 
5 dicarboxylic acid diethyl ester in toluene to give 0.95 g (27 %) of (jB,£,jE)- 
3,4,5-tri-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]oxyhexyl]benzoic acid 

I l-(2-methylacryloyloxy)undecyl ester as colourless oil. 

Example 5 
10 Polyimide 

94.2 mg (0,4803 mmol) of 1,2,3,4-cyclobutantetracarboxylic acid dianhydride was 
added to a solution of 0.500 g (0.5336 mmol) of 3,5-diaminobenzoic acid 

I I -[2-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]oxyhexyl]]-5-[4-(2-methoxy 
carbonylvinyl)benzoyloxy]ben2oyloxy]undecyl ester in 3 ml of tetrahydrofiiran. 

15 Stirring was then carried out at 0 ""C for 2 hours. 10.4 mg (0.0530 mmol)) of 
1,2,3,4-cyclobutantetracarboxylic acid dianhydride were added. The mixture was 
subsequently allowed to react for 69 hours at room temperature. The polymer mixture 
was diluted with 3.0 ml THF, precipitated into 150 ml diethyl ether and collected. The 
polymer was reprecipitated form THF (10 ml) into 500 ml water to yield, after drying 

20 at room temperature imder vacuum, polyamic acid. 

The 3,5-diaminobenzoic acid ll-[2-[6-[2-methoxy-4-(methoxycarbonylvinyl)- 
phenoxy]oxyhexyl]]-5-[4-(2-methoxycarbonyl-vinyl)benzoyloxy]benzoyloxy]undecyl 
ester used as starting material was prepared in accordance with the following 
procedure: 

25 

3,5-Dinitrobenzoic acid 1 1-bromoundecyl ester 
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11.4 g (45.4 mmol) 11-bromo-l-undecanol, 11.0 g (47.7 mmol) 
3,5-dinitrobenzoyl chloride and 54 mg 4-diinethylaininopyridine were dissolved in 94 

5 ml dichloromethane. The solution was subsequently cooled to 0 "C and then 18.3 ml 
(227 mmol) pyridine was added dropwise, in the course of 25 minutes. After 4.5 
hours at 0 °C the reaction mixture was partitioned between dichloromethane and 
water. The organic phase was washed repeatedly with water, dried over sodium 
sul&te, ffltered an4' poIlcentFateds ^by^ rota^. *evap©^ation. Ctffomatography of the 

10 residue on 20.0. g §iliga,gp|:|isiog4oluejie»yiel4ed 18.1 g (90 %) 3,S-dinitroben2oic acid 
1 l-bromound^yj|^st^?sfyiell0w«p©ynderr 

3,5-Dinitrobenzoicacidrtltl2|;^5>dihydrGi5^biaiz®yloxy]\^^ 




2.78 g ^(18':0 nunol>)>' 2,5-dihydr0xybenzoie- acid was*.dissolved«»in 36 ml 
dimethylformamide..*2.96 .ml (19.8 mmol^i«l,8^diazabieycloOS:4.0]undec-7-ene(l,5-5) 
(DBU) was »addgd»'dropwise«in*the*Gourse«iof«l 5 minutesi»*TK&»reaetion.«temperature 
20 rose to 30 "C and 8.83 g (19.8 mmol) 3,5-dinitrobenzoic acid U-bromoundecyl ester 
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was subsequently added in one portion. The mixture was then heated at 80 ""C for 2 
hours. The reaction mixture was cooled and then partitioned between 
dichloromethane and IN hydrochloric acid; the organic phase was washed twice with 
water, dried over sodium sulfate, filtered and concentrated by rotary evaporation. 
5 Chromatography of the residue on 200 g silica gel using Toluene yielded 5.28 g 
(57%) 3,5-dinitrobenzoic acid ll-[2,5-dihydroxybenzoyloxy]undecyl ester as yellow 
powder. 



3,5-Dinitrobenzoic acid 1 l-[2-hydroxy-5-[4-(2-methoxycarbonylvinyl)benzoyloxy]- 




O— 



15 2.50 g (4.82 mmoi) 3,5-Dinitrobenzoic acid ll-[2,5-dihydroxybenzoyloxy] 

undecyl ester, 0.99 g (4.82 mmol) (£)-4-carboxyl cinnamic acid methyl ester and 0.15 
g (1.20 mmol) 4-dimethylaminopyridine were dissolved in 12 ml of dichlorometihane. 
A suspension of 0.92 g (4.82 mmol) iV-(3-dimethylaminopropyl)-iV^-ethylcarbo- 
diimide hydrochloride and 10 ml dichloromethane were added dropwise in the course 

20 of 45 minutes. After 3 hours at room temperature the reaction mixture was partitioned 
between dichloromethane and vvater; the organic phase was washed repeatedly with 
water, dried over sodiirai sulfate, filtered and concentrated by rotary evaporation. 
Chromatography of the residue on 100 g silica gel using toluene yielded 2.63 g (77%) 
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3,5-dinitrobenzoic acid ll-[2-hydroxy 5-[4-(2-methoxycarbonyl-vinyl)benzoyloxy] 
benzoyloxy]undecyl ester as yellow powder. 

3,5-Dinitrobenzoic acid ll-[2-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxyl- 
5 oxyhexyl]-5-[4-(2-methoxycarbonylvinyl)benzoyloxy]benzoyloxy]undecyl ester 



P 

0=N 




1.00 g (1.41 mmol) 3,5-dinitrobenzoic acid ll-[2-hydroxy- 
10 5-[4-(2-methbxycarbonylvinyl)beii2x?yloxy]benzoyloxy]xmd 0.436 g (1.41 

mmol) (£)-4rr(6-hydroxyh^loxy)-3rmethoxycini!!ainic acid mfrthyl ester and 0.37 ml 
(1.48 ininQl) of tribvDtyiphosphineJsyere dissolved in 10 nil of'tetr^ydrofuran and 0.37 
g (1.48;mmol) of l,l'-(azddicarbonyl)dipiperidine is added; The mixture was allowed 
to react for 1 hour at room temperature. The reaction mixture was- then partitioned 
15 between efliyl acetate and water; the organic phase was washed wifli repeatedly wifli 
saturated sodivim chloride solution, dried over magnesium sulfate, filtered and 
concentrated by evaporation. Chromatography of the solid on of silica gel yield g| 
3,5-Dimtrobenzoic acid ll-[2-[6-[2-methoxy-4- (methoxycarbonylvinyl) 
phenoxy]oxyhexyl]-5-[4-(2-methoxycarbonylvinyl)benzoyloxy]benzoyloxy]undecyl 

20 ester. 
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3,5-Diaminobenzoic acid 1 l-[2-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]- 
oxyhexyl]-5-[4-(2-methoxycarbonylvmyl)benzoyloxy]benzoyloxy]undecyl ester 




0.997 g (1.00 mmol) 3,5-Dinitrobenzoic acid ll-[2-[6-[2-methoxy-4- 
(methoxycarbonylvinyl) phenoxy]oxyhexyl]-5-[4-(2-methoxycarbonylvinyl)benzoyl- 
oxy]benzoyloxy]undecyl ester and Og (4.00 mmol) of ammonium chloride were 
suspended in 15 ml of a mixture consisting of methanol : water 9:1. 1.31 g 

10 (20.0 mmol) of zinc was then added in one portions. After 0.5 hour at room 
temperature 20 ml of a mixture consisting of methanol : water 9:1 is added to the 
thick suspension. After a ftirther 21 hours the reaction suspension was partitioned 
between dichloromethane and water. The resulting suspension was filtered, the 
organic phase was washed with a saturated sodium bicarbonate solution and 

1 5 repeatedly with water. The organic phase was then dried over sodium sulfate, filtered 
and concentrated by evaporation. Chromatography of the residue on silica yield 
3,5-Diaminobenzoic acid 1 l-[2-[6-[2-methoxy-4-(methoxyca^bonylvinyl)phenoxy]- 
oxyhexyl]-5-[4-(2-methoxycarbonylvinyl)benzoyloxy]ben2oyloxy]lmdecyl ester. 

20 Example 6 

A two percent by weight solution SI of the photoreactive polymer A was 
prepared using cyclopentanone as a solvent. The solution was stirred for 30 minutes at 
room temperature. 
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5 Solution SI was spin-coated at 2000 rpm onto two ITO (indium-tin-oxide) 

coated glass plates, which were then dried for 30 minutes at 150**C. 

Both substrates were subsequentiy exposed for one minute to the polarised 

ultraviolet4ight^of^a lOOJ^^Mghppressuremereury lamp. The intensit^fe^ uv-light 

at the substrates. pQsitcorawaame^ mlJJ/^inV' 
10 With'^thexcoatede^sides facingtiin^^w^ the^ttwoc^plates^^were-^assembled into a 

parallel liquid^erystal^cell^Mchw^asifilM^ 

MLC 1 2000-000 (MerGk)s^U^^ the alignment quality was 

found to be exeell^nttw Wilhta tiltingi^^mpensatGr,'? whichwvas-^in^ into the 

microscope the alignment of the long axis of the liquid crystal molecules was found to 
15 be parallel to the polarisation direction of the uv-light which was used to photo-align 
photopolymer A. 

Example 7 

A mixture Mlcp was prepared comprising the following liquid crystalline 
20 diacrylate monomers*? 
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Monl: 




Mon3: 

a 

'In addition to the diacrylate monomers, photoinitiator IRGACURE 369 from 
Ciba SC as well as BHT, which served as an inhibitor were added to the mixture. 
Thus Ifae composition of mixture Mlcp >>vas as folloA^^: 

Monl 77 wt% 

Mon2 14.5 wt% 

Mon3 4.7 wt% 

Irgacure 369 1 .9 wt% 

BHT 1.9 wt% 
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Finally, the solution S(LCP) resulted fix>m dissolving 15 wt% of mixture Mlcp 
in anisole. 

Like in example 6, solution SI was spincoated on a glass plate, dried and 
subsequently exposed to vertical incident, polarised uv-light for 1 minute. Then 
5 diacrylate solution S(LCP) was spin-coated at 800 rpm for 2 minutes on top of the 
irradiated LPP-layer. To cross-link the liquid crystalline diacrylates the plate was 
exposed to isotropic uv-light under nitrogen atmosphere for 5 minutes. 

To characterise tiie alignment capability of photopolymer A the contrast of the 
cross-linked liquid crystal layer was measured using a polarising microscope with 
10 crossed polarisers, which was fiirther equipped with a photodiode for light intensity 
measurements. The contrast was calculated as the ratio of the light intensities 
measured with the optical axis of the cross-linked liquid crystal layer oriented 45** and 
0** in respect to one of the polarisers. The high contrast of 1200:1 demonstrates the 
excellent alignment capability of photopolymer A. 
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Claims 

1 . A compound comprising a repeating unit of fomiula (I) 

(P1.B1)„l-^ (B3-P^)n3 

li 

5 

I 

in which: 

A represents a nitrogen atom, a carbon atom, a group -CR^- or an aromatic 

or alicyclic group, which is optionally substituted by a group selected 

10 from fluorine, chlorine, cyano and a Ci.ig cyclic, straight-chain or 

branched alkyl group, which is optionally substituted by a single cyano 
group or by one or more halogen atoms and in which one or more non- 
adjacent alkyl -CH2- groups are optionsdly replaced by a group selected 
from -0-, -CO-, -C0-0-, -0-C0-, -Si(CH3)2-0-Si(CH3)2- 

15 -NRI-, -NRI-CO-, -CO-NRI- -NRI-CO-O- -O-CO-NRl- 

-NR1-C0-NR1-, -CH=CH-, -CsC- and -0-C0-0-, wherein R1 
represents a hydrogen atom or lower alkyl, 

M represents a repeating monomer unit; 

n^ to n^ each independently represent 0 or an integer having a value of from 1 to 3, 
20 with the proviso that 1 < n^ + n^ + n^ < 4; 

pl, p2, p3 each independently represents a photoactive group; and 
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B 1 to B'^ each independently represent a residue of general formtila II 

S3-^C1 — Si+± C2 S2-1— 

" II 

in which 

5 Sl to S3 each independently represent a single bond or a spacer group selected 
from a Ci.24 straight-chain or branched alkylene group, which is 
optionally substituted by a single cyano group or by one or more halogen 
atoms and in which one or more non-adjacent alkylene -CH2- groups are 
optionally replaced by a group selected from -0-, -CO-, -C0-0-, 

10 --O-CO- -Si(CH3)2-0-Si(CH3)2- -NRI- -NR1-C0- -CO-NRI- 

.-O^CQ^MlV, -nr1-co-nr1- -CH^H-, -OC- 

Cl and c2/Wh»nd<B]p^dsM^Pjg.ssn^??an^^^ which is 

opti0xiall8igubstitetedil¥S?iei cyano 

15 oraa Ci:i,8.ncyclic, straighj^ehadn or branche^d alkyl grpup, which is 

opldonali^substatut©d'^%»5i singfe cyanOi^grQup or^by^one-or^more halogen 
atoms and in which one or more non-adjacent alkyl -CH2- groups are 
optionally replaced by a group selected from -CO-, -CO-O- 

^O-CO-, -Si(CH3)2-0-Si(CH3)2-. -NRI-, -NR1-C0-, -C0--NR1-, 

20 -NRI-CO-O-, -O-CO-NRI-, -NR1-C0-NR1-, -CH=CH- -CsC- 

and -O-CO-O- wherein R^ represents a hydrogen atom or lower alkyl, 
and 

n^ and n^ arei»eaeh«^mdependently 0 or 1 . 

2. A €ompound.according4p €Mvml, in«vhteht>P^ to are selectedrfrom the general 
25 form\ilafei»in®aaid*Mi8*r 
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5 wherein the broken line indicates the point of linkage to and wherein: 

D represents pyrimidine-2,5-diyl, pyridine-2,5-diyl, 2,5-thiophenylene, 
2,5-furanylene, 1,4- or 2,6-iiaphthylene; a phenylene group, which is 
optionally substituted by a group selected from fluorine, chlorine, cyano; or a 
Ci-18 cyclic, straight-chain or branched alkyl residue, which is optionally 
10 substituted by a single cyano group or by one or more halogen groups and in 

which one or more non-adjacent alkyl -CH2- groups are optionally replaced 
by a group selected from -CO- -C0-0-, -0-C0-, 

-Si(CH3)2-0-Si(CH3)2- -NRI-, -NR1-C0-, -C0-NR1-, 

-NRI-CO-O- -O-CO-NRI- -NR1-C0-NR1-, -CH=CH-, -C=C- and 
15 -0-C0-0-, wherein is as defined above; 

E represents -OR^, — NR*r5 or an oxygen atom, which defines together with 

the ring D a coumarin unit, wherein R^, R^ and r5 are selected from 
hydrogen and a Ci.ig cyclic, straight-chain or branched alkyl residue, which 
is optionally substituted by one or more halogen atoms and in which one or 
20 more non-adjacent alkyl -CH2- groups are optionally replaced by a group 

selected from -O- -CO- -C0-0-, -O-CO- and -<:H=CH-, or R'^ and 

R5 together form a C5-8 alicyclic ring; 

X, Y each independently represent hydrogen, fluorine, chlorine, cyano or a Ci-12 
alkyl group, which is optionally substituted by fluorine and in which one or 
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more non-adjacent alkyl -CH2- groups are optionally replaced by a group 
selected from -0-, -CO-0-, -O-CO- and -CH=CH-; 

r2 represents hydrogen-or-a Ci-is straight-chain or branched-alkyl residue, which 
is optionally substituted'^by a single cyano group or by one or more halogen 
5 atoms and in which one or more non-adjacent alkyl -CH2- groups are 

independently optionally replaced by a group selected fix>m -0-, -CO-, 
_C0-0-, -0-C0-, -Si(CH3)2-0-Si(CH3)2- -NRI-, -NR1-C0-, 
-CO-NRl- -NRI-CO-O-, -O-CO-NRI-, -NR1-C0-NR1-. 
_CH=CH-, -CsC- and -0-C0-0-, wherein R* is as defined above. 

10 3. A compound according to Claim 1 or Claim 2, in which the repeating unit of 
fonmula (I) comprises at least 50% of the monomer building blocks comprising 
the,QompQund«of^focmulai^):; 

4. A coinEK913mdb^c®x4ing4o-^35»oneii^of claimsJt to 3, in^which the group M is 
selected &c?m»aci9iiliate» m^m^^rt 2-Qhl'6roaci35late|ai 2-^)henylacrylate; 

15 acigr4amide|i|methaci9?laimde,wi2-chloMai?ig5laniide^ <he 

nitr6gfcn*atom«of ^^hieh^is .optionallj^ substituted by a lower all^l group; vinyl 
ethei^'^injiWesteriiKa .s^ene^derivatwefissiloxanefwsimidefftaimer-acid; amic acid 
esters; amidimide; maleic acid derivatives and fijmaric acid derivatives. 

5. A method of manufactuiing a compound of formula (I) comprising the 
20 polymerisation of one or more pre-finished monomer units of formula (J). 

6. A method of manufecturing a compound of formula (I) comprising reactii^ a 
photoactive derivative with a functional polymer analogue of a polymer according 
to Claim 1 . 

7. A polymer4ayei!»6omprising a oompound-of formula (I) in cross^linked form. 

25 8. A polymer4ayer^aGCordBftgito Claim*?, whiehws an orientationdsuyer-for an optical 
or an electro-optical -device;" 
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9. Use of a compound according to any one of claims 1 to 4 in the manufacture of an 
optical or an electro-optical device, 

10. An optical or an electro-optical device comprising a compoimd according to any 
one of claims 1 to 4. 

5 11. An optical or an electro-optical device comprising a layer according to Claim 7 or 
Claim 8. 

12. A compound of formula (I), which is Poly-[l-[ll-[5-[4-[(jE)-2-methoxy- 
carbonylvinyl]benzoyloxy]-2-[6-[2-methoxy-(E)-4-(methoxycarbonylvinyl)- 
phenoxy]oxyhexyl]benzoyloxy]undecyloxycarbonyl]- 1 -methylethylene] 

10 13. A compound of formula (I), which is Poly-[l-[ll-[(£,£)-2,5-di-[6-[2-methoxy- 
-4-(methoxycarbonylvinyl)phenoxy]oxyhexyl]benzoyloxy]undecyloxycarbonyl]-l 
-methylethylene]. 
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